Regional transport of air pollutants controlled by both emission sources and 17 meteorological factors results in a complex source-receptor relationship of air pollution change. 18 Wuhan, a metropolis in the Yangtze River Middle Basin (YRMB) of central China experienced 19 heavy air pollution characterized by excessive PM2.5 concentrations reaching 471.1 μg m -3 in 20 January 2016. In order to investigate the regional transport of PM2.5 over China and the 21 meteorological impact on wintertime air pollution in the YRMB area, observational 22 meteorological and other relevant environmental data from January 2016 were analyzed. Our 23 analysis presented the noteworthy cases of heavy PM2.5 pollution in the YRMB area with the 24 unique "non-stagnant" meteorological conditions of strong northerly winds, no temperature 25 inversion and additional unstable structures in the atmospheric boundary layer. This unique set of 26 conditions differed from the stagnant meteorological conditions characterized by near-surface 27 weak winds, air temperature inversion, and stable structure in the boundary layer observed in 28 heavy air pollution over most regions in China. The regional transport of PM2.5 over 29 central-eastern China aggravated PM2.5 levels present in the YRMB area, thus demonstrating the 30 source-receptor relationship between the originating air pollution regions in central-eastern China 31 and the receiving YRMB regions. Furthermore, a backward trajectory simulation using 32
Variations in PM2.5 concentrations and meteorology in
of an apparent 7-day cycle of heavy air pollution in January 2016, reflecting an important 139 modulation of meteorological oscillation in the East Asian winter monsoon affecting air pollution 140 concentrations observed over the YRMB region (Xu et al., 2016a) . A period analysis on long-term 141 observation data of air quality could provide more information on air pollution oscillations with 142 meteorological drivers. 143 Figure 2b presents the hourly changes of PM2.5 concentrations for the three heavy air pollution 144 events P1, P2 and P3. The heavy pollution event P1 on January 4 started at 11:00 am (local time is 145 used for all events) and ended at 11:00 pm at same day. with an observed PM2.5 concentration peak 146 of 471.1μg m -3 . The event P2 occurred from 10:00 pm on January 10 to 00:00 a.m. on January 12 147 with a duration of 26 h and two peaks in PM2.5 concentrations of 231.4μg m -3 and 210.6μg m -3 . 148 https://doi.org/10.5194/acp-2019-758 Preprint. Discussion started: 27 November 2019 c Author(s) 2019. CC BY 4.0 License. explosive growth rate of 42.9μg m -3 h -1 in PM2.5 concentrations. Those three heavy PM2.5 pollution 150 episodes over the YRMB region were characterized by short durations of less than 26 h from rapid 151 accumulation to fast dissipation. 152
Using the environmental and meteorological data observed in Wuhan in January 2016, the effects 153 of the meteorological conditions on PM2.5 concentrations in the YRMB region were statistically 154 analyzed in regards to hourly variations of surface PM2.5 concentrations, near-surface wind speed 155 (WS) and direction (WD), as well as surface air temperature (T), air pressure (P) and relative 156 humidity (RH) ( Fig. 3 ). Among the observed hourly changes in PM2.5 concentrations and 157 meteorological elements shown in Figure 3 , the obvious positive correlations to surface air 158 temperature and relative humidity, as well as a pronounced negative correlation to surface air 159 pressure and a weak positive correlation to near-surface wind speed were found with the change of 160 PM2.5 concentrations in January 2016 (Table 1) . The near-surface wind speed associated with East 161 Asian monsoons has significantly influence concentrations of air pollutants mainly by the changes 162 in weak advection of cold air, in conjunction with strong subsidence and stable atmospheric 163 stratification, can easily produce a stagnation area in the lower troposphere resulting in regional 164 pollutant accumulations, which are favorable for the development of CEC haze events. In addition, 165 in the presence of high soil moisture, strong surface evaporation results in increases in the 166 near-surface relative humidity, which is also conducive to hygroscopic growth of participles for 167 haze formation; high air temperature and strong solar radiation could enhance chemical reactions 168 and conversions for the formation of secondary aerosols in the atmosphere, precipitation could 169 alter the emissions, and depositions of air pollutants. These observations could reflect the special 170 https://doi.org/10.5194/acp-2019-758 Preprint. Discussion started: 27 November 2019 c Author(s) 2019. CC BY 4.0 License. physical and chemical processes in the ambient atmosphere, in particular that of wind driving air 172 pollutant transport and affecting air quality change in the YRMB region. 173
When we focused on the changes leading to excessive PM2.5 levels during these heavy air 174 pollution events, it is noteworthy that all three heavy pollution episodes P1, P2 and P3 were 175 accompanied with strong near-surface wind speeds in the northerly direction, as well as evident 176 turning points in prevailing conditions leading to falling surface air temperatures and increasing 177 surface air pressure (noted as a rectangle with red dashed lines in (Table 2 ). As seen in Table 2, Figure 5 presents the vertical profiles of air temperature, wind velocity and potential 241 temperature averaged for the heavy PM2.5 pollution and clean air periods in January 2016. It can 242 be clearly seen that the inversion layer of air temperature did not exist during the heavy pollution 243 periods, but a near-surface inversion layer appeared at the height of about 200 m during the clean 244 air periods (Fig. 5a ). The comparison of vertical profiles of horizontal wind velocity experienced 245 during the clean air periods further revealed the stronger wind speed observed in the heavy air 246 pollution period below a height of 850 m located in the atmospheric boundary layer exhibiting the 247 vertical structure similar to a low-level jet stream (Fig. 5b) ; these conditions could conduce the 248 downward mixing of the regionally transported air pollutants and produce a local near-surface 249 accumulation in the YRMB area with elevated ambient PM2.5 concentrations, thus contributing to 250 a heavy air pollution. To characterize the atmospheric stability in the boundary layer, the vertical 251 profiles of potential air temperature (θ) were calculated with air temperature and pressure (Fig. 5c ). winter monsoon prevail climatologically in January (Ding, 1994) . It is notable that the 282 anomalously stronger northerly winds were observed over the upstream region in central-eastern 283
China during three periods of wintertime heavy PM2.5 pollution in the YRMB region ( Fig. 6b) . 284
Driven by the strong northerly winter monsoonal winds (Fig. 6b ), the regional transport of air 285 pollutants from the source regions in central-eastern China could largely contribute to wintertime 286 heavy air pollution periods in the downwind receptor region of YRMB. 287
In order to explore the connection of regional transport of PM2.5 over central-eastern China 288 to three events of heavy air pollution in the YRMB region, six observational sites were selected 289 from the northwestern, northern and northeastern upwind areas located over central-eastern China 290 ( Fig. 6a ) to represent the temporal PM2.5 and wind variations along the different routes of regional 291 transport of PM2.5 with the southward incursion of stronger northerly winds of East Asian 292 monsoon across central-eastern China (Fig. 7) . The southeastward movement of heavy PM2.5 293 pollution driven by stronger northerly winds from Luoyang and Xinyang to Wuhan (Sites 3, 2, and 294 1 in Fig. 6 ) presents a northwestern route of regional transport of PM2.5 for the heavy air pollution 295 period P1 in the YRMB (see upper panels of Fig. 7) . The southwestward advance of PM2.5 peaks 296 governed by winter monsoonal winds the from Tongling and Hefei to Wuhan (Sites 5, 6, and 1 in 297 Fig. 6 ) exerted a significant impact on the heavy air pollution period P2 aggravated by regional 298 transport of PM2.5 across Eastern China to the YRMB region (see middle panels of Fig. 7) . A 299 northern pathway of regional transport of PM2.5 connected Zhengzhou and Xinyang to Wuhan 300 https://doi.org/10.5194/acp-2019-758 Preprint. Discussion started: 27 November 2019 c Author(s) 2019. CC BY 4.0 License. strong northerly winds (see Fig. 6b and lower panels of Fig. 7) . It is noteworthy in Fig. 7 that the 302 heavy PM2.5 pollution periods at the upstream sites Hefei, Tongling, Luoyang, Xinyang and 303 Zhengzhou (Fig. 6a) were generally dispelled by strong northerly winds, while strong northerly 304 winds could trigger the periods of heavy PM2.5 pollution in the YRMB region (Wuhan, Fig. 6 ), and 305 such inverse effects of strong winds on heavy air pollution in the source and receptor regions 306 reflect an important role of regional air pollutant transport in worsening air pollution in the 307 YRMB's receptor region. 308
The regional transport over central-eastern China associated with the source-receptor 309 relationship directing heavy PM2.5 pollution to the YRMB region was revealed with observational 310 analysis. Backward trajectory modeling was used to further confirm the patterns of regional 311 transport of PM2.5 over central-eastern China and the resulting contribution to heavy air pollution 312 in the YRMB region, as described in the following Sects. 313 48-hr backward trajectory simulation results were output with the residence time of PM2.5 particles 343 in a horizontally resolution of 0.1°×0.1°. The FLEXPART simulations of PM2.5 particle residence 344 time over the 48-hr backward trajectory pathways were multiplied with the regional primary PM2.5 345 emission fluxes to quantify the contribution of regional transport of PM2.5 to air quality change in 346 the YRMB region with identifying the patterns of regional transport of PM2.5 over central-eastern 347
FLEXPART-WRF model
China. The primary PM2.5 emission data of 2016 obtained from the Multi-resolution Emission 348
Inventory for China (MEIC, http://www.meicmodel.org/) were selected for use as the regional 349 PM2.5 emission fluxes in this study. Based on the results with correlation coefficients passing the significance level of 0.001 and low 356 normalized standardized deviations (Fig. 8) , it was confirmed that WRF-modeled meteorology 357 that is consistent with observations could be used to drive the FLEXPART backward trajectory 358 simulation in this study. 359 
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